ABSTRACT
Toxoplasmosis has a wide geographical distribution. It is a serious health problem in various countries and its diagnosis is crucial for pregnancy assistance programs. It is caused by Toxoplasma gondii an obligate intracellular coccidian that can parasitize either humans or a wide range of other vertebrate species.
There are several well-known means of transmission. These include eating raw meat or poorly cooked meat containing bradyzoites, and the ingestion of oocysts from cat feces in soil, water or food. Infection transmission depends on the level and the frequency of exposure to such factors 2 17 . Congenital transmission occurs when a woman acquires the infection for the first time during pregnancy and transmits it to her fetus 15 22 31 . According to Wong and Remington 49 , 90% of these cases are asymptomatic or oligosymptomatic. The frequency of toxoplasmosis acquisition during pregnancy ranges from 1 to 4 per 1,000 pregnancies in several countries, and congenital infection has a prevalence of 0.2 to 2 per 1,000 births 48 .
It is estimated that 20 to 90% of the world adult population, depending on the region, already have had contact with the parasite 18 . Nevertheless, initial infection and subsequent chronic infection are usually benign in immunocompetent subjects. This zoonosis can be found on all of the continents and under different climatic conditions 3 39 42 . Seropositivity is higher in hot and humid areas 13 14 47 . Toxoplasmosis prevalence is related to several factors, including cultural level, nutritional habits, age, and rural or urban setting 1 2 3 32 . Frequency of infection increases with older age groups 25 33 38 40 , since the probability of an individual coming into contact with one of the transmission routes increases as his or her age increases 3 35 . Several authors have emphasized the influence of urban versus rural settings in toxoplasmosis. The presence of cats is relevant, since this animal has a well documented role in the T. gondii life cycle 3 10 11 21 . An important mechanism of transmission is the ingestion of raw or poorly cooked contaminated meat 5 8 42 . In addition, infection of hunters and butchers occurs with bradyzoite stages during meat processing 24 . Even though there are few cysts in meat, high meat consumption augments the risk of infection 17 . The ingestion of home-made sausage, a tradition introduced by European immigrants 23 , is probably responsible for the high prevalence of toxoplasmosis in certain regions. People that consume high amounts of meat and raw or poorly cooked meat products and who live in regions with poor sanitation have the highest rates of infection.
Oocyst-contaminated vegetables and water are also an important mechanism of transmission 29 . This means of infection is possibly responsible for infection by T. gondii in vegetarians and herbivores 36 .
Italian, German, Polish, and Portuguese immigrants colonized the northeastern region of the state of Rio Grande do Sul. Their descendants have an economy related to swine production. This region has the world's highest rate of ocular toxoplasmosis, known as acquired toxoplasmic retinochoroiditis, with 17.7% prevalence in the rural population of Erechim The absence seroprevalence data on pregnant women from this region and the high prevalence of ocular problems motivated this work. Our objective was to determine the primary incidence of toxoplasmosis among pregnant women and the correlated exposure factors 46 . Epidemiology. During the first medical consultation with pregnant women we completed an exposure factor questionnaire. The exposure factors considered for T. gondii were as follows: rural versus urban location; use of untreated water from waterholes, wells or springs; absence of public refuse collection; direct contact with soil; contact with animals (such as cats, dogs, swine and cattle which may have oocysts on their hair); rodents in the home or surroundings; intake of poorly cooked meat, homemade sausage and craft food products (for the purposes of this paper craft food products refers to sausage or other meat products prepared domestically); and intake of raw milk. Such factors were evaluated both in groups and individually.
MATERIAL AND METHODS

Population
The infected group was considered to be pregnant women who presented anti-T. gondii specific antibodies (IgG) at any time during pregnancy.
Statistical analysis. Prevalence ratio was used to measure the intensity of association with exposure factors in the presence of specific antibodies (IgG)-T.gondii. Methods of linear regression were used for adjusted prevalence of infection 28 , presented separately according to housing location (urban or rural). Confidence limits were not estimated for the statistics obtained, since all women in the target population were examined and thus the method was not susceptible to sampling errors.
RESULTS
Among the pregnant women, 74.5% (n = 1583) presented specific antibodies to T. gondii, of which, 3.6% (n = 77) were IgM reagent. Seropositivity rates increased significantly with age, from 55.6 to 100%. The mean age of women with antibodies was 26.2 years. The mean age of seronegative women was 24.8 years.
In 25.1% (n = 513) of the studied women, specific antibodies were not identified. Among those who exhibited antibodies against T. gondii, 91.4% (n = 52) had titers equal to or less than 1:1,024. Among women with IgG reagent and IgM non-reagent antibodies, 92.6% (n = 1395) showed titers equal to or less than 1:1,024, while in IgG and IgM reagent women, only 67.6% (n = 52) showed the same titers. The highest antibody titer observed was 1:32,000.
All of the studied exposure factors contribute to toxoplasmosis transmission with ratio of prevalence (RP) ranging from 1.05 to 1.20 when considered alone, and from 1.31 to 1.73 when considered altogether. Adjusting by regression, it was observed that the group of pregnant women who lived in urban areas, and had contact with soil, and kept cats, and/or had rodents in their houses, and who ate raw or poorly cooked meat and homemade sausage showed an adjusted prevalence (P*) of 83.4%. Those who lived in rural areas, with the same exposure factors as above showed P* of 81.9%. However, the increase of annual prevalence was higher in the rural area (b = 0.6% per year of age) than in urban area (b = 0.4% for year of age). Therefore, the difference between adjusted prevalence of these two groups decreases as the age of the women decreases, such that the prevalence is practically the same at 40 years old (P* = 89.3% in urban areas and P* = 89.1% in rural areas) (Tables 1 and 2) .
In urban areas, the following factors influenced toxoplasmosis prevalence in a decreasing order of significance: contact with soil (b = 9.1%); contact with cats (b = 5.1%); intake of poorly cooked meat (b = 4.3%); intake of homemade sausage (b = 3.2%); and houses with rodents (b = 2.6%). In rural areas the following order of influence was observed: contact with soil (b = 6.8%); intake of poorly cooked meat (b = 3.6%); contact with rodents (b = 2.4%); intake of homemade sausage (b = 1.6%); and contact with cats (b = 1.3%).
In the group with IgM reagent antibodies (n = 77), the statistically significant risk factors were: contact with animals and soil (n = 63); and intake of homemade sausage (n = 64).
DISCUSSION
In the present study, a higher prevalence (74.5%) than those published for other parts of Latin America (50 to 60%) was observed for people between 20 and 30 years old 16 . However our analysis shows similar mean values of prevalence (78.8%) to those observed among pregnant women in Rio de Janeiro 9 . Studies conducted with pregnant women on other continents have reported varying prevalence: 9.8% in Hong Kong; 28% in Denmark; 49% in Algeria; and 83% in France 27 30 . In our study, considering housing location, 78% of the pregnant women from rural areas were seropositive against 71.3% from urban areas. This shows a relevant difference of prevalence in these locations. These data support other authors who have reported a higher prevalence of these zoonoses in rural areas 19 35 37 42 45 . This is probably due to the higher exposure of rural population in an environment contaminated by oocysts 46 . In this study we observed that the prevalence of infection increases with older age groups. This is due to the cumulative 
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Present rodent X = 1; absent rodent X = 0; present cat X = 1; absent cat X = 0; contact with soil X = 1; no contact with soil X = 0; intake of poorly cooked meat X = 1; no intake of poorly cooked meat X = 0; with intake of craft tinned products X = 1; without intake of craft tinned products X = 0 Present rodent X = 1; absent rodent X = 0; present cat X = 1; absent cat X = 0; contact with soil X = 1; no contact with soil X = 0; intake of poorly cooked meat X = 1; no intake of poorly cooked meat X = 0; with intake of craft tinned products X = 1; without intake of craft tinned products X = 0 probability of a woman having contact with one of the several routes of infection as she ages 35 . High values of prevalence for infection by T. gondii were found in young adult women, probably due to more frequent toxoplasma contact in childhood and adolescence. It is important to consider that the population in this study belongs to the middle or lower classes and is made up of a high number of women that work in activities that bring them in contact with soil. They often work on small family farms and have had intense contact with soil oocysts since childhood. Thus it is probable that pregnant women in rural areas have more contact with sources of infection.
Among the studied women, 25.5% (n = 513) did not present specific antibodies against T. gondii, consequently they are at high-risk for first infection during pregnancy. This is consistent with studies in other countries. Cuba, for example, has 29.1% seronegativity in pregnant women 20 . However such data differ between authors, in Nigeria, women of reproductive age show 54.3% seronegativity 34 . The existence of this group of women susceptible to first infection during pregnancy and possible congenital transmission indicates the need for primary, secondary and tertiary prevention.
All of the exposure factors studied in this research, when analyzed separately, showed prevalence ratios ranging from 1.05 to 1.20, except for presence of cats in a rural area. We were not able to obtain a prevalence ratio value for cats in rural areas with this data set 46 . Soil was the variable with the strongest association with infection by T. gondii (RP = 1.20), probably because it is a direct source of oocysts. Contact with soil is the most frequent variable among pregnant women, even among those from urban areas, (82.5% reported contact with soil). The vast majority of pregnant women had contact with animals (78.8%). This may also have contributed to the high frequency of infection in the Alto Uruguay region.
Concerning the nutritional habits of the studied population, intake of homemade sausage (78%), raw milk consumption (68.6%) and intake of poorly cooked meat (23.9%) were very common. All these variables showed a prevalence ratio higher than 1. This leads us to believe that such factors are also involved in T. gondii transmission in that region. It is noteworthy that even when pregnant women did not report intake of poorly cooked meat and homemade sausage, many of them, reported that they produced sausages at home. They reported handling the sausage meat and sometimes tasting it before the sausage was cooked. This fact corroborates the work of Jamra 25 , that housewives were infected when preparing meals in São Paulo.
The tachyzoite stage of the parasite is involved with the intake of raw milk (RP = 1.11), and could have importance as a source of infection. Human infection through breast feeding 7 and nonprocessed goat milk 41 is reported, and other authors also state that milk from several animals is a potential source of T. gondii transmission.
When analyzing groups of exposure factors, we observed that the prevalence ratio rose to 1.31 and became higher (1.73) when contact with animals and poorly cooked meat were included. By statistical modeling, it was observed that in the study population, contact with cats had a higher influence as an exposure factor in urban areas, which was responsible for a proportion of etiologic impact of 5.1%. This is probably due to the close contact of pregnant women with these animals. In the rural region, cats do not have such close contact with pregnant women, and therefore are a less significant source of environmental contamination. The epidemiological importance of cats is noteworthy since they are the only source of oocysts for environment contamination.
In the group with IgM reagent antibodies, with more recent infection, the risk factors confirm that contact with animals, soil and alimentary ingestion of homemade sausage have an important influence on infection by T. gondii.
We found a lower increase in the proportion, and even a decrease in the proportion, of infection, according to seroprevalence observed in rural areas. This is probably due to cat defecation in peripheral areas not usually frequented by humans. Several authors noticed the high prevalence of seroreagents related to contact with cats 4 12 19 25 42 45 .
It was observed in the present study that pregnant women who live in rural areas have a higher and earlier risk of infection than those in urban areas, and absence of public water supply, as well as lack of garbage collection in farms are factors associated with infection 12 .
Compared to this study, there are few works in Brazil which evaluate multiple exposure factors for T. gondii using the presence of specific IgG anti-T. gondii antibodies. Previous studies have developed this perspective with pregnant women 9 26 and studied ocular toxoplasmosis 6 19 .
Pregnant women from rural areas were seropositive in a higher frequency than those from urban areas. This suggests that women on farms spend more time exposed to T. gondii, since they carry out activities related to farming and thus have a higher probability of coming into contact with oocysts. Contact with soil was the variable most related to toxoplasmic infection.
Intake of poorly cooked meat is related to transmission of infection in both rural and urban areas. Pregnant women who consume homemade sausage showed higher adjusted prevalence in rural areas. Aging may be more related to increase of infection probability in rural area than in urban areas.
Since cats are the only sources of oocysts, data indicate that they are the sole source for environmental contamination. The main risk factors were identified as contact with soil, housing without garbage collection, intake of poorly cooked meat, and age.
